Abstract: Solar energy applications in Iran for supplying domestic hot water, space heating and cooling have been considered severely in last decade. The purpose of this research is to analysis of solar single effect lithium bromide-water absorption cooling system in a typical office building in Tehran. The solar energy is absorbed by heat pipes and stored in an insulated storage tank. This system has been designed to supply the cooling load of mentioned typical office building where the cooling load is 35.17KW ( 10 tons of refrigerant) which events in July. Results demonstrate that depending on the Tehran climate and the specification of the building by means of optimized design of solar heat pipe collectors, up to 2400 m 3 /year Natural Gas energy saving can be reached by use of solar absorption cooling system. Achieving this purpose requires utilizing 16 collectors which everyone compromises 30 tubes with total absorber area of 45 m 2 which is the optimum collector area for this plant in Tehran. According to this replacement the investment payback rate would be 13 years which would be much shorter than the payback time of a solar cooling system combined with conventional all air systems.
Nomenclature

Introduction
The energy demand for refrigeration and air-conditioning appliances has been increased continuously in last decades. World energy demand-and CO2 emissions-is expected to rise by some 60% by 2030 respect to the beginning of this century [1] . The cooling load in summer is associated with high solar energy, which offers a suitable opportunity to utilize solar energy for cooling. Conventional vapor compression chillers require high quality energy, electricity which is produced from initial energy resources. Furthermore, vapor compression cooling systems use chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFCs) as working fluids. These materials will lead to global warming and ozone depletion. Thermal-driven air-conditioning systems are using heat as motive energy to provide cold energy. These systems can be categorized on absorption systems, adsorption systems, duplex rankine, desiccant cooling and ejector refrigeration systems. The heat could be obtained from waste heat sources, combined heat and power technologies (CHP), and solar energy. Lithium Bromide (LiBr)-water absorption cooling systems are conventional in thermal-driven air-conditioning systems and have too many benefits in comparison with other cooling systems; because their performance is good and cost is low. The single effect LiBr-water absorption systems operate at a generator temperature range 70 to 95 c°and the coefficient of performance (COP) of these systems are between 0.6 to 0.8, which are higher than NH3-H2O absorption cooling systems [2] .
Sparber et al [3] reported that till 2007 there were 81 installed large scale solar cooling systems, eventually including systems which are currently not in operation. 73 installations are located in Europe, 7 in Asia, China in particular, and 1 in America (Mexico). 60% of these installations are dedicated to office buildings, 10% to factories, 15% to laboratories and education centers, 6% to hotels and the left percentage to buildings with different final use (hospitals, canteen, sport center, etc). They also cited that 56 installations are belong to absorption systems and the overall cooling capacity of the thermally driven chillers amounts to 9 MW 31% of it is installed in Spain, 18% in Germany and 12 % in Greece.
Bong et al [4] designed and installed solar absorption chiller in Singapore. The system included 7KW absorption chiller, heat pipe collectors with a total area of 32 m 2 , a hot water storage tank, an auxiliary heater and a 17.5 KW cooling tower. They cited that the overall average cooling capacity provided was 4KW, solar fraction of 39% and COP of 0.58.
Balghouthi et al [5] accomplished a simulation using TRNSYS program in order to select and size different components of solar absorption chiller. They reported that solar absorption cooling systems were suitable for Tunisian's condition.
Alizadeh et al [6] simulated and optimized a solar LiBr-water absorption cooling system that has been design for Malaysia using evacuated tube solar collectors. The modeling of the solar absorption chiller was accomplished with TRNSYS program.
Yeung et al [7] designed and installed a solar driven absorption chiller at the University of Hong Kong. This system included 4.7KW absorption chiller, flat plate collectors with a total area of 38.2m 2 , a cooling tower, a 2.75m 3 hot water storage tank and the other equipments. They reported that the collector efficiency was estimated at 37.5%, the annual system efficiency at 7.8% and an average solar fraction at 55%, respectively.
The objective of this work is to evaluate and investigate the energy conservation capacity of a sample office building in Tehran, using solar LiBr-water absorption chiller and heat pipe solar collector. Furthermore, the payback time for initial investments of the system has been calculated.
Methodology
A cooling system possessing solar-operated absorption chiller provides the cooling demands for the typical office building in Tehran-Iran. Tehran is located at 35.68 N°and 51.32 E°. 
Solar Energy
The plant primary energy source is the solar energy, which is absorbed by heat pipe solar collector and stored in an insulated storage tank. Heat pipes are widely used for heat recovery and energy saving in various ranges of applications because of their simple structure, special flexibility, high efficiency, good compactness and excellent reversibility [9] . The heat pipe vacuum tube collects heat from the sun at high efficiency. It is important that heat pipe solar collectors must be installed with a tilt of at least °25 . They operate like a thermal diode where the flow of heat is in one direction only [10] . This type of collector commonly filled with alcohol or water in a vacuum and operates in two versions, one with a dry and one with a wet connection [11] . The most important difference between evacuated tube solar collectors and heat pipe solar collectors is that the heat carrier fluid inside of the copper heat pipe is not connected to the solar loop. The heat pipe collectors are mounted on a roof and tilted by °25 with the roof to utilize more radiation in summer and it is produced by APRICUS.
Absorption chiller
A water fired chiller (WFC) with a related capacity of 35.17KW cooling (10RT) produced by YAZAKI when it is operating at a hot water driving temperature of c°88 , coolant water temperature of c°31 and output chilled water at c°7 . The coefficient of performance (COP) of this chiller is 0.7 as reported by the manufacture.
Presentation of parameters
The thermal capacity of the equipments is determined by Eq. (1):
Where  m is the mass flow rate, p c is the specific heat at constant pressure and T ∆ is the temperature difference. The energy during a fixed period is determined by Eq. (2):
Where i t is initial time and o t is final time. Afterwards, the efficiency of solar collectors is obtained by Eq. (3) [2] :
Where u q is the useful energy output of a collector per square meter, H is monthly average daily total solar radiation on a horizontal surface. It should be noted that the efficiency of solar heat pipe collector is about 63% as reported by the manufacture. R is the proportion of monthly average total radiation on tilted surface on the monthly average total radiation on horizontal surface which is determined by Eq. (4) [2] :
Where b H is monthly average daily beam solar radiation on a horizontal surface, d H is monthly average daily diffuse solar radiation on a horizontal surface, g ρ is the diffuse reflectance of the ground and β is the slope of the collector, b R is the ratio of the average daily beam radiation on the tilted surface on that on a horizontal surface which is determined by Eq. 
Where s ω′ is the sunset hour angle for the tilted surface for the mean day of the month and s ω is the sunset hour angle, which are obtained by Eq. (6) and Eq. (7) 
Results
Determining the optimum solar collector area
With calculating R through equations 4 to 7, the useful energy output of a collector is determined. Figure 4 demonstrates the monthly energy derived from one square meter of collector in Tehran. The surface area for the heat pipe collector is determined by the proportion of the required energy for cooling the environment on the useful energy output of the collector. Optimized solar collector area depends on some important factors such as: Solar radiation, intensity, cost increasing and amount of consumption [12] . To estimate the optimal surface of heat pipe solar collector, we should determine the solar cooling fraction (SCF). The solar cooling fraction is described as the ratio of solar heat yield to the total energy required to drive solar absorption chiller.
Finally, the optimum surface of heat pipe collectors for typical office building in Tehran is determined in each situation as presented as figure.4. 
Where C is the capital cost of installed solar cooling equipment, E is the energy saving, i is the energy inflation and PB is the payback time.
The cost of equipments are summurized in table 1 and the cost of energy is shown in table 2. Furthermore, during the economic analysis some basic assumptions are needed, such as maintenance costs, installation costs, the energy inflation and natural gas heating value. The maintenance costs are 1% of investments cost [13] , installation costs are 12% of the equipment costs [14] , the energy inflation is about 2% [5] Thus, with calculating PB through equation 8, the payback time is estimated approximately 13 years which would be reasonable for solar cooling systems.
Conclusions
In this investigation the technical and economical analysis for single effect LiBr-water solar absorption system was done. The analysis was accomplished for a typical office building in Tehran. The plant provided air conditioning for a floor space of 280m 2 . Furthermore, the plant included an auxiliary fossil system and its capacity was about 13KW. The most important advantage of this system is that it offers the highest environmental benefits. The other advantage is that we utilize the highest total energy saving.
It was shown that the solar cooling fraction for mentioned office building was 64.3% and the optimum solar heat pipe collector area was 45m 2 . It means that this plant utilizes 16 collectors which everyone compromises 30 tubes. Finally, the payback time of this plant was estimated about 13 years. .
